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DEVICE AND METHOD FOR ANALYZING A
CIRCUIT, AND A COMPUTER PRODUCT

FIELD OF THE INVENTION

The present invention relates to a device and a method for
analyzing waveform propagation of a digital signal 1in a
circuit based on circuit diagram information or the like, and
a computer-readable recording medium recorded with a
program for making a computer execute the method accord-
ing to the present invention.

BACKGROUND OF THE INVENTION

FIG. 16 1s a diagram showing a structure and a data flow
of a conventional circuit analyzing device. This circuit
analyzing device includes a circuit diagram information
generating section 81 for supporting preparation of a circuit
diagram and for generating circuit diagram information
(information on a circuit diagram) D81, a layout pattern
information generating section 82 for generating layout
pattern information (information on a layout pattern) of this
circuit, and an element information extracting section 83 for
extracting element information (information on a circuit
element and a parasitic element) D82 from the layout pattern
generated by the layout pattern information generating sec-
tion 82.

Further, this circuit analyzing device includes a circuit
connection mnformation extracting section 84 for extracting
net list information (circuit connection information) D83 of
the whole circuit, based on the circuit diagram information
D81 generated by the circuit diagram information generating
section 81 or the element information D82 extracted by the
clement information extracting section 83, a circuit simula-
fion section 85 for simulating the analysis of a transient
response of a circuit using the net list information D83
extracted by the circuit connection information extracting
section 84, and a waveform display section 86 for displaying
a wavelorm of a result of the analysis of the circuit stmu-
lation section 85.

FIG. 17 1s a flowchart showing a flow of the operation of
the conventional circuit analyzing device. First, the circuit
diagram information generating section 81 generates the
circuit diagram information D81 or the layout pattern infor-
mation generating section 82 generates the layout pattern
information, and the element information extracting section
83 extracts the element information D82 (S81).
Subsequently, the circuit connection information extracting
section 84 extracts the net list information D83 from the
circuit diagram information D81 or from the element infor-
mation D82 (S82). Subsequently, the circuit simulation
section 85 simulates the analysis of a transient response of
a circuit using the net list information D83 (S83).
Subsequently, the waveform display section 86 displays a
waveform of a result of the analysis (584). A user visually
observes this waveform, and confirms the whole wiring to
secc whether there 1s a problem or not in the waveform
propagation characteristics of the digital signal (S85).

In the conventional circuit analyzing device, however, a
simulation 1s carried out for the whole circuit, and the user
visually observes the waveform of a result of the analysis,
and confirms whether there 1s a problem or not in the
waveform propagation characteristics of the digital signal.
Therefore, there has been a problem that there 1s a reduction
in the reliability in the decision made on the waveform
propagation characteristics of each wiring of the circuit.
Further, there has been a problem that substantial time and
labor are required for analyzing the circuit.
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2
SUMMARY OF THE INVENTION

It 1s an object of this invention to provide, a device and a
method for analyzing a circuit that can improve the reliabil-
ity 1 the decision made on the waveform propagation
characteristics of each wiring of the circuit and that can
decrease the time and labor required for analyzing the
circuit, and a computer-readable recording medium recorded
with a program for making a computer execute the method
according to the present 1nvention.

According to one aspect of this invention, there 1s pro-
vided a circuit analyzing device comprising a wiring model
information generating unit for generating wiring model
information for each wiring of a circuit; and an analyzing
unit for analyzing waveform propagation characteristics of
cach wiring model information that has been generated by
the wiring model information generating unit. The wiring
model mnformation generating unit generates wiring model
information for each wiring of a circuit, and the analyzing
unit analyzes waveform propagation characteristics of each
wiring model information that has been generated by the
wiring model information generating unit. Therefore, it 1s
possible to obtain quantitative information for making a
decision, and 1t becomes easily possible to make a secure
decision for each wiring.

Further, the wiring model information generating unit
generates the wiring model information including LC circuit
parasitic and RC circuit parasitic information based on
layout information of the circuit. Therefore, 1t 1s possible to
carry out a more suitable analysis particularly 1n the case of
analyzing a circuit that processes a high-frequency digital
signal of 1 GHz or above.

Further, the analyzing unit analyzes spectrum character-
istics and/or S parameter characteristics. Therefore, 1t 1s
possible to carry out a more detailed analysis.

Further, a deciding unit 1s provided for automatically
deciding on whether each wiring 1s bad or good 1n waveform
propagation, based on a result of the analysis of the analyz-
ing unit. The deciding unmit automatically decides whether
cach wiring 1s bad or good 1n waveform propagation.
Therefore, 1t 1s more easily possible to make a secure
decision on good or bad of each wiring.

Further, a correction circuit information generating unit 1s
provided for generating correction circuit information on a
correction circuit having an element for correcting wave-
form propagation characteristics added to a wiring that has
been decided as bad by the deciding umit. The correction
circuit information generating unit generates correction cir-
cuit information on a correction circuit having an element
for correcting waveform propagation characteristics added
to a wiring that has been decided as bad by the deciding unat.
Theretore, 1t 1s possible to automatically correct the wave-
form propagation characteristics of the bad wiring.

Further, a layout information generating unit 1s provided
for generating layout information of the correction circuit,
based on the correction circuit information that has been
ogenerated by the correction circuit information generating
unit, wherein the wiring model information generating unit
generates wiring model information for each wiring of the
correction circuit including LC circuit parasitic and RC
circuit parasitic information, based on the layout informa-
tion that has been generated by the layout information
ogenerating unit. Therefore, 1t 1s possible to obtain an opti-
mum circuit by repeatedly carrying out the analysis of the
correction circuit until when there 1s no bad wiring.

Further, an assigning unit 1s provided for assigning a part
of a circuit as a part to be analyzed. The wiring model
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information generating unit generates wiring model mfor-
mation for only a part of the circuit that has been assigned
by this assigning unit. Therefore, it 1s possible to further
decrease the time required for analyzing the circuit.

According to another aspect of this invention, there 1s
provided a circuit analyzing method comprising a wiring,
model information generating step for generating wiring
model information for each wiring of a circuit; and an
analysis step for analyzing waveform propagation charac-
teristics of each wiring model 1nformation that has been
generated at the wiring model information generating step.
At the wiring model information generating step, wiring,
model information 1s generated for each wiring of a circuit,
and at the analysis step, wavelorm propagation characteris-
fics are analyzed for each wiring model information that has
been generated at the wiring model information generating,
step. Therefore, 1t 1s possible to obtain quantitative infor-
mation for making a decision, and it becomes easily possible
to make a secure decision for each wiring.

Further, at the wiring model information generating step,
the wiring model information including LC circuit parasitic
and RC circuit parasitic information 1s generated based on
layout information of the circuit. Therefore, it 1s possible to
carry out a more suitable analysis particularly in the case of
analyzing a circuit that processes a high-frequency digital
signal of 1 GHz or above.

Further, at the analysis step, spectrum characteristics
and/or S parameter characteristics are analyzed. Therefore,
it 1s possible to carry out a more detailed analysis.

Further, a decision step 1s provided for automatically
deciding on whether each wiring 1s bad or good 1n waveform
propagation, based on a result of the analysis at the analysis
step. Thus, at the decision step, whether each wiring 1s bad
or good 1n wavelorm propagation 1s automatically decided
based on a result of the analysis at the analysis step.
Therefore, 1t 1s easily possible to make a more secure
decision on good or bad of each wiring.

Further, a correction circuit information generating step 1s
provided for generating correction circuit information on a
correction circuit having an element for correcting wave-
form propagation characteristics added to a wiring that has
been decided as bad at the decision step. Thus, at the
correction circuit information generating step, there 1s gen-
erated correction circuit information on a correction circuit
having an element for correcting waveform propagation
characteristics added to a wiring that has been decided as
bad at the decision step. Therefore, 1t 1s possible to auto-
matically correct the waveform propagation characteristics
of the bad wiring.

Further, a layout information generating step 1s provided
for generating layout information of the correction circuit,
based on the correction circuit information that has been
generated at the correction circuit information generating
step. At the wiring model information generating step, there
1s generated wiring model information for each wiring of the
correction circuit including LC circuit parasitic and RC
circuit parasitic information, based on the layout informa-
fion that has been generated at the layout information
generating step. Therefore, it 1s possible to obtain an opti-
mum circult by repeatedly carrying out the analysis of the
correction circuit until when there 1s no bad wiring.

Further, an assignment step 1s provided for assigning a
part of a circuit as a part to be analyzed. At the wiring model
information generating step, wiring model information 1is
generated for only a part of the circuit that has been assigned
at the assignment step. Therefore, 1t 1s possible to further
decrease the time required for analyzing the circuit.
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According to still another aspect of this invention, there 1s
provided a computer-readable recording medium that 1s
recorded with a program for making a computer execute any
one of the above-described methods according to this inven-
tion. Therefore, the program can be read by the computer,
and 1t becomes possible to execute the operation of the
methods of the above-described aspects by the computer.

In this case, the “computer-readable recording medium”™
includes a “portable physical medium” such as a magnetic
disk like a floppy disk, a semiconductor memory (including

that incorporated in a cartridge or a PC card) like a ROM,
an EPROM, an EEPROM, a flash ROM, etc., an optical disk

like a CD-ROM, a DVD, etc., an optical magnetic disk like
an MO, etc., and a “fixed physical medium” like a ROM, a
RAM, a hard disk, etc. that are incorporated 1n various types
of computer systems.

Further, the “computer-readable recording medium”™ may
also 1nclude a communication medium for short-time hold-
ing a program like a communication line for transmitting a
program via a network like a LAN, a WAN, Internet, etc.
The “program™ 1s a one that describes a data processing
method. Alanguage to be described and a describing method
are not particularly limited, and formats of a source code, a
binary code and an execution format are not limited. Further,
the “program”™ 1s not necessarily limited to a one formed in
a single structure, but also includes a distributed structure as
a plurality of modules and libraries, and a program that

achieves 1ts function 1n co-operation with separate programs
of an OS and the like.

Other objects and features of this invention will become
apparent from the following description with reference to
the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a diagram showing a structure and a data flow
of a circuit analyzing device relating to a first embodiment
of the present 1nvention.

FIG. 2 1s a flowchart showing a flow of the operation of
the circuit analyzing device relating to the first embodiment.

FIG. 3 1s an explanatory diagram for explaining wiring,
model information extraction relating to the first embodi-
ment.

FIG. 4 1s a diagram showing one example of an analysis
of a transient response relating to the first embodiment.

FIG. 5 1s a diagram showing one example of spectrum
characteristics relating to the first embodiment.

FIG. 6 1s a diagram showing one example of S parameter
information relating to the first embodiment.

FIG. 7 1s a diagram showing a structure and a data flow
of a circuit analyzing device relating to a second embodi-
ment of the present mnvention.

FIG. 8 1s a diagram showing one example of S parameter
reference information relating to the second embodiment.

FIG. 9 1s a flowchart showing a flow of the operation of
the circuit analyzing device relating to the second embodi-
ment.

FIG. 10 1s a diagram showing a structure and a data flow
of a circuit analyzing device relating to a third embodiment
of the present invention.

FIG. 11 1s a flowchart showing a tlow of the operation of
the circuit analyzing device relating to the third embodi-
ment.

FIG. 12 1s a diagram showing a structure and a data flow
of a circuit analyzing device relating to a fourth embodiment
of the present invention.



US 6,578,151 B2

S

FIG. 13 1s a flowchart showing a tlow of the operation of
the circuit analyzing device relating to the fourth embodi-
ment.

FIG. 14 1s a diagram showing a structure and a data flow
of a circuit analyzing device relating to a fifth embodiment
of the present invention.

FIG. 15 1s a flowchart showing a flow of the operation of
the circuit analyzing device relating to the fifth embodiment.

FIG. 16 1s a diagram showing a structure and a data flow
of a conventional circuit analyzing device.

FIG. 17 1s a flowchart showing a flow of the operation of
the conventional circuit analyzing device.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Five embodiments of the present invention will be
explained 1n detail below with reference to the drawings. It
should be noted that these embodiments do not limit the
present mvention.

A first embodiment of this invention will now be
explained. As a circuit analyzing device of a first
embodiment, there will be explained a circuit analyzing
device as an example that 1s integrally structured with a
CAD (Computer-Aided Design) device for supporting a
preparation of a circuit diagram and an EWS (Engineering
Work Station) device and that analyzes a circuit for pro-
cessing a high-frequency digital signal of 1 GHz or above.
FIG. 1 1s a diagram showing a structure and a data flow of
a circuit analyzing device relating to the first embodiment of
the present invention.

The circuit analyzing device relating to the first embodi-
ment 1ncludes a circuit diagram information generating
section 1 for supporting a preparation of a circuit diagram
and for generating circuit diagram information (information
on a circuit diagram) D1, a layout pattern information
generating section 2 for generating layout pattern informa-
tion (information on a layout pattern) D2 of this circuit, an
clement information extracting section 3 for extracting ele-
ment information (information on a circuit element and a
parasitic element) D3 from the layout pattern information
D2 generated by the layout pattern information generating
section 2, and a wiring model information extracting section
4 for extracting wiring model information D4 as circuit
connection information (net list) for each wiring, based on
the circuit diagram information D1 generated by the circuit
diagram information generating section 1 or the element
information D3 extracted by the element information
extracting section 3.

Further, this circuit analyzing device includes a circuit
simulation section § for simulating an analysis of a transient
response of a circuit using the wiring model information D4
extracted by the wiring model information extracting section
4, a spectrum characteristic information calculating section
6 for calculating spectrum characteristic information
(information on spectrum characteristics) D6 by Fourier
transforming a result of an analysis of a transient response
(information on a result of an analysis of a transient
response) DS by the circuit simulation section 5, a linear
simulation section 7 for carrying out a linear stmulation of
analyzing a frequency response by using the wiring model
information D4 extracted by the wiring model information
extracting section 4, and an S parameter information calcu-
lating section 8 for calculating S parameter information D8
from a result of an analysis of a frequency response
(information on a result of an analysis of a frequency
response) D7 by the linear simulation section 7.
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The circuit diagram information generating section 1
supports a preparation of a circuit diagram and generates the
circuit diagram information D1. The layout pattern infor-
mation generating section 2 generates the layout pattern
information D2 of this circuit. The element information
extracting section 3 extracts the element information D3
from the layout pattern information D2 generated by the
layout pattern information generating section 2. In this case,
the element mmformation extracting section 3 extracts the
information including LC circuit parasitic and RC circuit
parasitic information. The wiring model information extract-
ing section 4 extracts the wiring model information D4 as
circuit connection information for each wiring, based on the
circuit diagram information D1 generated by the circuit
diagram information generating section 1 or the element
information D3 extracted by the element information
extracting section 3.

The circuit stmulation section 5 simulates an analysis of
a transient response of a circuit, using the wiring model
information D4 extracted by the wiring model information
extracting section 4 and a waveform condition of an 1nput
signal stored 1n advance. The spectrum characteristic infor-
mation calculating section 6 calculates the spectrum char-
acteristic information D6 by Fourier transforming the tran-
sient response analysis result D3 of the circuit simulation
section § by using an FFT (Fast Fourier Transform) algo-
rithm or the like. The linear stmulation section 7 carries out
a linear simulation of analyzing a frequency response by
using the wiring model mmformation D4 extracted by the
wiring model information extracting section 4 and a fre-
quency condition of an mnput signal stored in advance.

The S parameter information calculating section 8 calcu-
lates the S parameter information (a reflection component
S11 parameter, etc.) D8 from the frequency response analy-
sis result D7 of the linear simulation section 7. The S
parameter 1s a parameter that 1s obtained by measuring
transfer characteristics and reflection characteristics of a
circuit network, by terminating the input terminal and the
output terminal of the circuit with characteristic impedance
respectively. The spectrum characteristic information D6
and the S parameter information D8 can be ufilized as
quantitative information in making good or bad decision of
cach wiring.

While the structure of the circuit analyzing device has
been described above, those constituent elements of the
circuit analyzing device are of a functional concept, and they
may not be necessarily structured as physically shown 1n the
drawing. For example, the whole or a part of the processing
functions of the circuit analyzing device may be realized by
a CPU (Central Processing Unit) not shown and a program
that 1s interpreted and executed by this CPU. In other words,
in a ROM not shown, there 1s stored a computer program for
orving an 1nstruction to the CPU and for making the CPU
execute various kinds of processing in co-operation with an

OS (Operation System) and the like. The CPU executes
various kinds of processing according to this program.

The whole or a part of the processing functions of the
circuit analyzing device can also be realized as hardware
based on a wired logic. It 1s also possible to realize various
constituent elements and processing functions of the circuit
analyzing device 1n second to {fifth embodiments to be
described later by the CPU and a wired logic in a similar
manner.

The element information extracting section 3 and the
wiring model information extracting section 4 correspond to
the wiring model information generating unit of this
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invention, and the circuit simulation section §, the spectrum
characteristic information calculating section 6, the linear
simulation section 7, and the S parameter information cal-
culating section 8 correspond to the analyzing section of this
invention respectively.

The operation of the first embodiment will be explamed
with reference to FIG. 2 to FIG. 6. FIG. 2 1s a flowchart
showing a flow of the operation of the circuit analyzing
device relating to the first embodiment. First, the circuit
diagram information generating section 1 generates the
circuit diagram information D1 or the layout pattern infor-
mation generating section 2 generates the layout pattern
information D2, and the element information extracting
section 3 extracts the element information D3 (S1).
Subsequently, the wiring model information extracting sec-
tion 4 extracts the wiring model information from the circuit
diagram information D1 or from the element information D3
(S2).

FIG. 3 1s an explanatory diagram for explaining the wiring,
model mformation extraction relating to the first embodi-
ment. When an element as shown 1n the center of this figure
has been extracted 1n a circuit as shown in the top of this
figure, for example, a wiring model as shown 1n the bottom
of this figure 1s extracted for each wiring. In this case, the
wiring model refers to a circuit that has been divided mto
parts corresponding to each wiring. Circuit connection 1nfor-
mation on this wiring model becomes the wiring model
information.

Referring back to FIG. 2, when the wiring model infor-
mation has been generated at step S2, the circuit stmulation
section 5 executes an analysis of a transient response. As a
result, a waveform of a time region, that 1s, the transient
response analysis result DS§, 1s generated as shown 1n FIG.
4 (S3). Then, the spectrum characteristic information cal-
culating section 6 Fourier transforms the transient response
analysis result DS, and calculates the spectrum characteristic
information D6 as shown 1n FIG. 5. In the mean time, the
linear stimulation section 7 executes the analysis of a fre-
quency response. Then, the S parameter information calcu-
lating section 8 calculates the S parameter information D8 as
shown 1n FIG. 6. A user can casily make a secure decision
on good or bad of each wiring by referring to the spectrum
characteristic information D6 and the S parameter informa-
fion D8 as quantitative information.

As described above, according to the first embodiment,
the wiring model information extracting section 4 generates
the wiring model mmformation D4 for each wiring, and the
circuit simulation section 5, the spectrum characteristic
information calculating section 6, the linear simulation
section 7, and the S parameter information calculating
section 8 analyze the waveform propagation characteristics
of each wiring model information D4. Therefore, it 1s
possible to obtain quantitative information for deciding on
oood or bad of each wiring, thereby making it possible to
casily make a secure decision on good or bad of each wiring.
As a result, 1t 1s possible to 1mprove the reliability in the
decision made on good or bad of the waveform propagation
characteristics for each wiring of the circuit. Further, 1t 1s
possible to decrease the time and labor required for the
circuit analysis.

Further, as the element information extracting section 3
and the wiring model i1nformation extracting section 4
ogenerate the wiring model information including the LC
circuit parasitic and RC circuit parasitic information based
on the layout pattern information on the circuit, it 1s possible
to carry out a more suitable analysis particularly when a

10

15

20

25

30

35

40

45

50

55

60

65

3

circuit for processing a high-frequency digital signal of 1
GHz or above 1s to be analyzed. Further, as the circuit
simulation section 5, the spectrum characteristic information
calculating section 6, the linear stmulation section 7, and the
S parameter mnformation calculating section 8 analyze the
spectrum characteristics and the S parameter characteristics,
it becomes possible to carry out a further detailed analysis.

A second embodiment of this invention will now be
explained. According to the second embodiment of this
invention, good or bad of each wiring 1s further automati-
cally decided 1n the first embodiment. The basic structure
and the basic operation of the second embodiment are
similar to those of the first embodiment, and therefore, only
different parts will be explained here. FIG. 7 1s a diagram
showing a structure and a data flow of a circuit analyzing
device relating to the second embodiment of the present
invention.

The circuit analyzing device of the second embodiment
further 1ncludes, 1in addition to the structure of the circuit
analyzing device of the first embodiment, an error calculat-
ing section 11 for inputting spectrum characteristic infor-
mation D6, S parameter information D8, spectrum charac-
teristic reference information D11 as a reference value of the
spectrum characteristics, and S parameter reference infor-
mation D12 as a reference value of the S parameter
characteristics, and for calculating an error of the spectrum
characteristic information D6 and the S parameter informa-
tion D8 respectively, and a waveform propagation charac-
teristics deciding section 12 for deciding on good or bad of
the waveform propagation characteristics of each wiring
based on a result of the calculation by the error calculating
section 11, and for generating bad wiring information
(information for specifying a wiring of which waveform
propagation has been decided to be bad) D13.

The error calculating section 11 inputs the spectrum
characteristic information D6 calculated by the spectrum
characteristic 1nformation calculating section 6, the S
parameter mmformation D8 calculated by the S parameter
information calculating section 8, the spectrum characteris-
tic reference information D11 as the reference value (or the
normal value) of the spectrum characteristics stored in
advance, and the S parameter reference mformation D12 as
the reference value (or the normal value) of the S parameter
characteristics stored in advance as shown in FIG. 8, and
calculates an error by comparing each reference value with
the spectrum characteristic information D6 and with the S
parameter mformation D8 respectively.

Specifically, an error (an average error rate) AE 1s given
by the following equation (1).

AE=(Efl+ - - - +EfN)/N(%) (1)

where N represents a number of frequencies to be compared,
and Efl to EIN represent error rates 1n frequencies 1 to IN
respectively. An error rate in any optional frequency f is
given by the following equation (2).

Ef={(|V/~S/))/Sf}100(%) (2)

where VI represents a spectrum value of the spectrum
characteristic information D6 or an S parameter value of the
S parameter information D8 1n the frequency 1 respectively,
and St represents a spectrum value of the spectrum charac-
teristic reference information D11 or an S parameter value of
the S parameter reference information D12 in the frequency
I respectively.

The wavetform propagation characteristics deciding sec-
tion 12 decides that the wiring 1s bad when these errors have
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satisfied a predetermined condition. For example, when at
least one of the error of the spectrum characteristic imfor-
mation D6 and the error of the S parameter information D8
has exceeded a predetermined permissible value, the wave-
form propagation characteristics deciding section 12 decides
the wiring as bad. The waveform propagation characteristics
deciding section 12 then stores the name and the like of the
wiring that has been decided as bad, and generates the bad
wiring 1information D13. In this case, it may be so arranged
that the error calculating section 11 calculates an error of
only one of the spectrum characteristic information D6 and
the S parameter information D8, and the waveform propa-
gation characteristics deciding section 12 decides on good or
bad of the waveform propagation characteristics of each
wiring based on the error of only one of the spectrum
characteristic information D6 and the S parameter informa-
tion DS.

Further, 1t may also be so arranged that the error calcu-
lating section 11 calculates a rate of distortion (a rate of a
higher harmonic to the reference wave) from the spectrum
characteristic information D6, and the waveform propaga-
tfion characteristics deciding section 12 makes a decision by
also taking into account this distortion rate. Further, the
waveform propagation characteristics deciding section 12
may make a decision based on only this distortion rate. The
error calculating section 11 and the waveform propagation
characteristics deciding section 12 correspond to the decid-
ing unit of this invention respectively.

The operation of the second embodiment will be
explained with reference to a flowchart shown in FIG. 9.
FIG. 9 1s a flowchart showing a flow of the operation of the
circuit analyzing device relating to the second embodiment.
First, the spectrum characteristic information D6 and the S
parameter information D8 are first generated 1n the operation
similar to that of the first embodiment. The error calculating
section 11 sequentially inputs the spectrum characteristic
information D6 and the S parameter information D8 for each
wiring, and calculates an error of the spectrum characteristic
information D6 and an error of the S parameter information
D8 respectively (S11, S12, S13, and S14).

Subsequently, the waveform propagation characteristics
deciding section 12 compares these errors with a predeter-
mined permissible value respectively, and makes a decision
on whether or not these errors have exceeded the predeter-
mined permissible value (S15). When all of these errors are
smaller than the predetermined permissible value, the pro-
cess proceeds to step S16. On the other hand, when at least
one of these errors 1s smaller than the predetermined per-
missible value, the wiring name (the name of this wiring) is
stored (S17), and the process proceeds to step S16. At step
S16, the wavelorm propagation characteristics deciding
section 12 makes a decision on whether or not a decision on
ogood or bad has been made for all the wiring, and repeats
steps S11 to S16 until when a decision has been made on
cood or bad for all the wiring. Thus, the bad wiring
information D13 that describes names of wiring that are 1n
bad wiring (the wiring of which waveform propagation
characteristics are bad) is generated.

As described above, according to the second embodiment,
the error calculating section 11 and the waveform propaga-
fion characteristics deciding section 12 automatically make
a decision on whether or not the waveform propagation 1s
bad or good for each wiring, based on the spectrum char-
acteristic mformation D6 and the S parameter information
D8. Therefore, 1t 1s possible to make a decision more easily
and more securely on whether each wiring 1s good or bad.
As a result, 1t 1s possible to further increase the reliability in
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the decision made on good or bad of the waveform propa-
gation characteristics for each wiring of the circuit. Further,
it 1s possible to further decrease the time and labor required
for the circuit analysis.

A third embodiment of this invention will now be
explained. According to the third embodiment of this
invention, an element for correcting the waveform propa-
gation characteristics 1s further added to a wiring that has
been decided to be bad, in the second embodiment. The
basic structure and the basic operation of the third embodi-
ment are similar to those of the second embodiment, and
therefore, only different parts will be explained here. FIG. 10
1s a diagram showing a structure and a data tlow of a circuit
analyzing device relating to the third embodiment of the
present 1vention.

The circuit analyzing device of the third embodiment
further includes, 1n addition to the structure of the circuit
analyzing device of the second embodiment, a template
information adding section 21 for inputting wiring model
information D4, bad wiring information D13, and template
information D21 of an impedance matching element (an
impedance matching diode or a virtual inductance/resistor,
etc.) for correcting the waveform propagation
characteristics, for generating a plurality of pieces of cor-
rection wiring model information D22a to D22b having
different elements of the template information D21 added to
a bad wiring model, and for sequentially outputting these
pieces of information to the circuit simulation section S and
the linear simulation section 7, and an optimum wiring
model mformation detecting section 22 for inputting error
information (information on errors of the spectrum charac-
teristic information and the S parameter information) D3
from the error calculating section 11, and for detecting
correction wiring model information on a smallest error as
optimum wiring model mnformation D24.

The template 1nformation adding section 21 inputs the
wiring model information D4 extracted by the wiring model
information extracting section 4, the bad wiring information
D13 generated by the waveform propagation characteristics
deciding section 12, and the template information D21
stored 1n advance, generates the plurality of pieces of
correction wiring model information D22a to D22b having
different elements of the template information D21 added to
a bad wiring model, and sequentially outputs these pieces of
information to the circuit simulation section 5 and the linear
simulation section 7.

The circuit simulation section 5, the spectrum character-
istic information calculating section 6, the linear simulation
section 7, the S parameter information calculating section 8,
and the error calculating section 11 carry out a processing to
cach of the correction wiring model information D22a to
D22b which 1s similar to the processing carried out to the
wiring model information D4. The error information D23 of
cach of the correction wiring model information D22a to
D22b 1s output from the error calculating section 11. The
optimum wiring model information detecting section 22
inputs the error information D23 from the error calculating
section 11, and detects correction wiring model information
on the smallest error as the optimum wiring model 1nfor-
mation D24. The template information adding section 21
and the optimum wiring model information detecting section
22 correspond to the correction circuit information gener-
ating unit of this invention.

The operation of the third embodiment will be explained
with reference to a flowchart shown 1 FIG. 11. FIG. 11 1s
a flowchart showing a flow of the operation of the circuit
analyzing device relating to the third embodiment. First, the
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wiring model mmformation D4 and the bad wiring informa-
tion D13 are generated 1n a similar operation to that of the
second embodiment. Subsequently, the template information
adding section 21 1nputs the wiring model information D4,
the bad wiring information D13, and the template informa-
tion D21 (S21), generates the correction wiring model
information D22a to D22b, and sequentially outputs these
pieces ol information to the circuit stmulation section 5 and
the linear simulation section 7 (522).

Subsequently, the circuit simulation section §, the spec-
trum characteristic information calculating section 6, the
linear stmulation section 7, and the S parameter information
calculating section 8 carry out the transient response
analysis, the spectrum characteristic information
calculation, the frequency response analysis, and the S
parameter information calculation, respectively for each of
the correction wiring model information D22a to D22b.
Then, the error calculating section 11 generates the error
information D23 for each of the correction wiring model
information D22a to D22b, and outputs a result (S23).
Subsequently, the optimum wiring model i1nformation
detecting section 22 inputs the error information D23, and
detects the correction wiring model information on the
smallest error as the optimum wiring model nformation
D24 (S24).

As described above, according to the third embodiment,
the template information adding section 21 adds the element
for correcting the waveform propagation characteristics to
the wiring that has been decided to be bad by the waveform
propagation characteristics deciding section 12, and gener-
ates the correction wiring model information D22a to D22b.
Therefore, 1t 1s possible to automatically correct the wave-
form propagation characteristics of the bad wiring.

A fourth embodiment of this invention will now be
explained. According to the fourth embodiment of this
invention, in the third embodiment, layout pattern informa-
fion 1s further generated from a wavelorm propagation-
optimized circuit that has been obtained by combining a
circuit to be analyzed with a correction circuit into which the
clement for correcting the waveform propagation character-
istics has been inserted. Based on this arrangement, the
detection of a bad wiring and the generation of a correction
circuit are carried out repeatedly until when a suitable
correction circuit has been obtained. The basic structure and
the basic operation of the fourth embodiment are similar to
those of the third embodiment, and therefore, only different
parts will be explained here. FIG. 12 1s a diagram showing,
a structure and a data flow of a circuit analyzing device
relating to the fourth embodiment of the present invention.

The circuit analyzing device of the fourth embodiment
further includes, 1in addition to the structure of the circuait
analyzing device of the third embodiment, an optimum
circuit diagram generating section 31 for inputting circuit
diagram information D1 and optimum wiring model mfor-
mation D24, and for generating optimum circuit diagram
information D32 having the waveform propagation charac-
teristics corrected, and an automatic wiring executing sec-
tion 32 for mputting layout cell data D31 that 1s information
on the layout of all elements included in the optimum circuit
diagram information D32, and the optimum circuit diagram
information D32, for executing a known automatic wiring,
for generating new layout pattern information D33, and for
outputting this information to the element information
extracting section 3.

The optimum circuit diagram generating section 31 mputs
the circuit diagram information D1 generated by the circuit
diagram mformation generating section 1, and the optimum
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wiring model information D24 detected by the optimum
wiring model information detecting section 22, and gener-
ates the optimum circuit diagram information D32 by com-
bining the optimum wiring model information D24 with the
circuit diagram information D1. The automatic wiring
executing section 32 iputs the optimum circuit diagram
information D32 obtained and the layout cell data D31 of all
clements included 1n the optimum circuit diagram informa-
tion D32, executes the known automatic wiring, generates
the new layout pattern information D33, and outputs this
information to the element information extracting section 3.
In this case, 1t may be so arranged that the automatic wiring
executing section 32 extracts a layout constraint condition
such as a close wiring distance from the optimum wiring
model mnformation D24, and executes the automatic wiring
based on this layout constraint condition.

The element information extracting section 3, the wiring
model information extracting section 4, the circuit simula-
fion section 3, the spectrum characteristic information cal-
culating section 6, the linear simulation section 7, the S
parameter information calculating section 8, the error cal-
culating section 11, the template information adding section
21, and the optimum wiring model information detecting
section 22 carry out a processing to the new layout pattern
information D33 which 1s similar to the processing carried
out to the layout pattern information D2. When a bad wiring
has been detected, the new optimum wiring model 1nforma-
tion D24 1s generated. The automatic wiring executing
section 32 corresponds to the layout information generating
unit of this mvention.

The operation of the fourth embodiment will be explained
with reference to a flowchart shown in FIG. 13. FIG. 13 1s
a flowchart showing a flow of the operation of the circuit
analyzing device relating to the fourth embodiment. First,
the detection processing of a bad wiring and the generation
processing of the optimum wiring model information D24
are carried out 1n an operation similar to that of the first to
the third embodiments (S30). Subsequently, the optimum
circuit diagram generating section 31 inputs the circuit
diagram information D1 and the optimum wiring model
information D24 (831). Then, the optimum circuit diagram
generating section 31 combines the circuits (S32), and
outputs the optimum circuit diagram information D32 (S33).
Subsequently, the automatic wiring executing section 32
inputs the generated optimum circuit diagram information
D32 and the layout cell data D31 (S34). Then, the automatic
wiring executing section 32 executes the automatic wiring
(S35), generates the new layout pattern information D33,
and outputs this information (S36). Then, the execution of
steps S30 to S36 1s repeated until when no bad wiring has
been detected.

As described above, according to the fourth embodiment,
the automatic wiring executing section 32 generates the new
layout pattern iformation D33 based on the optimum
wiring model information D24 generated by the template
information adding section 21. Further, the element mfor-
mation extracting section 3 and the wiring model 1nforma-
fion extracting section 4 generate the wiring model mfor-
mation for each wiring of the correction circuit including the
LC circuit parasitic and RC circuit parasitic information,
based on the new layout pattern information D33. Therefore,
it 1s possible to obtain an optimum circuit by repeatedly
analyzing the correction circuit until when there 1s no bad
wiring.

A fifth embodiment of this invention will now be
explained. According to the fifth embodiment of this
invention, 1n the first to the fourth embodiments, only a part
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of a circuit 1s analyzed. The basic structure and the basic
operation of the fifth embodiment are similar to those of the
first to the fourth embodiments, and therefore, only different
parts will be explained here. FIG. 14 1s a diagram showing,
a structure and a data flow of a circuit analyzing device
relating to the fifth embodiment of the present invention.
The circuit analyzing device of the {ifth embodiment
further 1includes, 1n addition to the structures of the circuit

analyzing devices of the first to the fourth embodiments, a
wiring limiting section 41 for mputting circuit diagram
information D1 or element information D3, for generating
wiring limit information D41 that limits a wiring to be
analyzed, and for outputting this information to the wiring
model information extracting section 4. The wiring limiting
section 41 limits the wiring to be analyzed based on an
assignment from a user. It may also be so arranged that the
wiring limiting section 41 verifies a static timing of the
circuit to be analyzed, and limits only the wiring of strict
constraint on the circuit operation and timing as the wiring
to be analyzed. The wiring model information extracting
section 4 generates the wiring model information on only a
part of the circuit, based on the wiring limit information D41
from the wiring limiting section 41. The wiring limiting
section 41 corresponds to the assigning unit of this inven-
tion.

The operation of the fifth embodiment will be explained
with reference to a flowchart shown 1n FIG. 15. FIG. 15 1s
a flowchart showing a flow of the operation of the circuit
analyzing device relating to the fifth embodiment. First, the
wiring limiting section 41 1nputs the circuit diagram infor-
mation D1 or the element information D3 (S41), and carries
out the static timing verification (842). Then, the wiring
limiting section 41 generates the wiring limit information
D41 (S43), and outputs this information to the wiring model
information extracting section 4 (544). Other operation is
similar to that of the first to the fifth embodiments. However,
the detection of a bad wiring and the analysis operation like
the addition of the correction element are carried out for only
a part of the circuit assigned by the wiring limit information
D41.

As described above, according to the fifth embodiment,
the wiring limiting section 41 assigns a part of the circuit to
be analyzed, and the wiring model information extracting
section 4 extracts the wiring model information on only a
part of the circuit assigned by the wiring limiting section 41.
Therefore, it 1s possible to further decrease the time required
for the circuit analysis.

A computer program for realizing the above-described
circuit analyzing method relating to the first to fifth embodi-
ments can also be stored 1nto a portable recording medium
such as a magnetic disk like a floppy disk, a semiconductor
memory (including that incorporated in a cartridge or a PC
card) like a ROM, an EPROM, an EEPROM, a flash ROM,
etc., an optical disk like a CD-ROM, a DVD, etc., or an
optical magnetic disk like an MO, etc. Then, the program
recorded on this recording medium may be 1nstalled onto a
fixed recording medium like a ROM, a RAM, a hard disk,
ctc. that are 1ncorporated in the circuit analyzing device,
thereby providing the circuit analyzing device with the
function of the circuit analysis.

Further, this program can also be transmitted via a net-
work like a LAN, a WAN, Internet, etc., and 1nstalled onto
the fixed recording medium for the circuit analyzing device.
This program 1s not necessarily limited to a one formed 1n
a single structure, but may also be formed 1n a distributed
structure as a plurality of modules and libraries. The pro-
oram may also be a one that achieves its function in
co-operation with separate programs of an OS and the like.
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As explained above, according to the present invention,
the wiring model i1nformation generating unit generates
wiring model information for each wiring of a circuit, and
the analyzing unit analyzes waveform propagation charac-
teristics of each wiring model information that has been
generated by the wiring model information generating unait.
Therefore, it 1s possible to obtain quantitative mformation
for making a decision, and 1t becomes possible to easily
make a secure decision for each wiring. As a result, there 1s
an elfect that 1t 1s possible to increase the reliability 1n the
decision made on good or bad of the waveform propagation
characteristics for each wiring of the circuit. Further, there 1s
an effect that i1t 1s possible to decrease the time and labor
required for analyzing the circuat.

Further, the wiring model information generating unit
generates the wiring model information including LC circuit
parasitic and RC circuit parasitic information based on
layout information of the circuit. Therefore, there 1s an eff

cct
that it 1s possible to carry out a more suitable analysis
particularly 1n the case of analyzing a circuit that processes
a high-frequency digital signal of 1 GHz or above.

Further, the analyzing unit analyzes spectrum character-
istics and/or S parameter characteristics. Therefore, there 1s
an ecffect that it 1s possible to carry out a more detailed
analysis.

Further, the deciding unit automatically decides on
whether each wiring 1s bad or good 1n waveform
propagation, based on a result of the analysis of the analyz-
ing unit. Therefore, 1t 1s possible to decide on good or bad
of each wiring more easily and securely. As a result, there 1s
an cflect that 1t 1s possible to further increase the reliability
in the decision made on good or bad of the waveform
propagation characteristics for each wiring of the circuit.
Further, there 1s an effect that it 1s possible to decrease the
time and labor required for analyzing the circuit.

Further, the correction circuit information generating unit
generates correction circuit information on a correction
circuit having an element for correcting waveform propa-
cgation characteristics added to a wiring that has been
decided as bad by the deciding unit. Therefore, there 1s an
ciiect that 1t 1s possible to automatically correct the wave-
form propagation characteristics of the bad wiring.

Further, the layout information generating unit generates
layout information of the correction circuit, based on the
correction circuit information that has been generated by the
correction circuit information generating unit, and the wir-
ing model information generating unit generates wirlng
model information for each wiring of the correction circuit
including LC circuit parasitic and RC circuit parasitic
information, based on the layout information that has been
generated by the layout information generating unit.
Therefore, there 1s an effect that 1t 1s possible to obtain an
optimum circuit by repeatedly carrying out the analysis of
the correction circuit until when there 1s no bad wiring.

Further, the assigning unit assigns a part of a circuit as a
part to be analyzed, and the wiring model i1nformation
generating unit generates wiring model information for only
a part of the circuit that has been assigned by the assigning,
unit. Therefore, there 1s an effect that it 1s possible to further
decrease the time required for analyzing the circuit.

Further, according to the present invention, at the wiring
model mnformation generating step, wiring model 1nforma-
tion 1s generated for each wiring of a circuit, and at the
analysis step, wavelform propagation characteristics are ana-
lyzed for each wiring model information that has been
ogenerated at the wiring model information generating step.
Therefore, it 1s possible to obtain quantitative mformation
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for making a decision, and 1t becomes easily possible to
make a secure decision for each wiring. As a result, there 1s
an effect that 1t 1s possible to increase the reliability 1n the
decision made on good or bad of the waveform propagation
characteristics for each wiring of the circuit. Further, there 1s
an cffect that 1t 1s possible to decrease the time and labor
required for analyzing the circuait.

Further, at the wiring model information generating step,
the wiring model information including LC circuit parasitic
and RC circuit parasitic information 1s generated based on
layout information of the circuit. Therefore, there 1s an eff

cct
that 1t 1s possible to carry out a more suitable analysis
particularly in the case of analyzing a circuit that processes
a high-frequency digital signal of 1 GHz or above.

Further, at the analysis step, spectrum characteristics
and/or S parameter characteristics are analyzed. Therefore,
there 1s an effect that 1t 1s possible to carry out a more
detailed analysis.

Further, at the decision step, whether each wiring 1s bad
or good 1n waveform propagation 1s automatically decided
based on a result of the analysis at the analysis step.
Theretore, there 1s an effect that it 1s easily possible to make
a more secure decision on good or bad of each wiring.

Further, at the correction circuit information generating,
step, there 1s generated correction circuit information on a
correction circuit having an element for correcting wave-
form propagation characteristics added to a wiring that has
been decided as bad at the decision step. Therefore, there 1s
an cifect that it 1s possible to automatically correct the
waveform propagation characteristics of the bad wiring.

Further, at the layout information generating step, layout
information of the correction circuit 1s generated, based on
the correction circuit information that has been generated at
the correction circuit information generating step, and at the
wiring model mmformation generating step, there 1s generated
wiring model information for each wiring of the correction
circuit including LC circuit parasitic and RC circuit parasitic
information, based on the layout information that has been
generated at the layout information generating step.
Therefore, there 1s an effect that 1t 1s possible to obtain an
optimum circuit by repeatedly carrying out the analysis of
the correction circuit until when there 1s no bad wiring.

Further, at the assignment step, a part of a circuit 1s
assigned as a part to be analyzed, and at the wiring model
information generating step, wiring model information 1is
generated for only a part of the circuit that has been assigned
at the assignment step. Therefore, there 1s an effect that 1t 1s
possible to further decrease the time required for analyzing,
the circuit.

Further, according to the present mnvention, a program for
making a computer execute the methods of the present
invention has been recorded. Therefore, the program can be
read by the computer. As a result, there 1s an effect that 1t 1s
possible to execute the operation of the methods of the
invention by the computer.

Although the invention has been described with respect to
a specific embodiment for a complete and clear disclosure,
the appended claims are not to be thus limited but are to be
construed as embodying all modifications and alternative
constructions that may occur to one skilled in the art which
fairly fall within the basic teaching herein set forth.

What 1s claimed 1s:

1. A circuit analyzing device comprising;:

a wiring model information generating unit for generating

wiring model 1information for each wiring of a circuit;

an analyzing unit for analyzing waveform propagation
characteristics of each wiring model information that
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has been generated by said wiring model information
generating unit;

an error calculating unit for calculating an error of the
wavelorm propagation characteristics by comparing an
analysis of the waveform propagation characteristics

by said analyzing unit to waveform propagation char-
acteristic reference values; and

a deciding umit for automatically determining whether
cach wiring 1s bad or good 1n waveform propagation,
based on the error calculated by said error calculating
unit.

2. The circuit analyzing device according to claim 1,

whereln

said wiring model information generating unit generates
the wiring model information including LC circuit
parasitic and RC circuit parasitic information based on
layout 1information of the circuit.

3. The circuit analyzing device according to claim 1,
wherein said analyzing unit analyzes at least one of spec-
trum characteristics and S parameter characteristics.

4. The circuit analyzing device according to claim 1,
further comprising a correction circuit information generat-
ing unit for generating correction circuit information on a
correction circuit having an element for correcting wave-
form propagation characteristics added to a wiring that has
been determined as bad by said deciding unait.

5. The circuit analyzing device according to claim 4,
further comprising a layout information generating unit for
cgenerating layout information of the correction circuit,
based on the correction circuit information that has been
ogenerated by the correction circuit information generating
unit, wherein said wiring model information generating unit
ogenerates wiring model information for each wiring of the
correction circuit including LC circuit parasitic and RG
circuit parasitic information, based on the layout informa-
fion that has been generated by said layout information
generating unit.

6. The circuit analyzing device according to claim 1,
further comprising an assigning unit for assigning a part of
a circuit as a part to be analyzed, wherein said wiring model
information generating unit generates wiring model 1nfor-
mation for only a part of the circuit that has been assigned
by said assigning unit.

7. A circuit analyzing method comprising:

generating wiring model information for each wiring of a

circuit;

analyzing waveform propagation characteristics of each

wiring model information that has been generated;

calculating an error of the waveform propagation charac-
teristics by comparing an analysis of the waveform
propagation characteristics to waveform propagation
characteristic reference values; and

automatically determining whether each wiring 1s bad or
good 1n waveform propagation, based on the error that
has been calculated.

8. The circuit analyzing method according to claim 7,
wherein generating wiring model information includes gen-
erating L.C circuit parasitic and RC circuit parasitic infor-
mation based on layout information of the circuit.

9. The circuit analyzing method according to claim 7,
wherein analyzing waveform propagation characteristics
includes analyzing at least one of spectrum characteristics
and S parameter characteristics.

10. The circuit analyzing method according to claim 7,
further comprising generating correction circuit information
of a correction circuit having an element correcting wave-
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form propagation characteristics added to a wiring that has
been determined as bad.

11. The circuit analyzing method according to claim 10,
further comprising generating layout information of the
correction circuit based on the correction circuit information
and generating wiring model information for each wiring of
the correction circuit, including LC circuit parasitic and RC
circuit parasitic information, based on the layout informa-
tion.

12. The circuit analyzing method according to claim 7,
further comprising assigning a part of a circuit as a part to
be analyzed, wherein wiring model information 1s generated
for only a part of the circuit that has been assigned.

13. A computer-readable medium having computer-
executable mstructions that cause a computer to:

10

138

generate wiring model 1information for each wiring of a
clrcuit;

analyze waveform propagation characteristics of each
wiring model information generated;

calculate an error of the waveform propagation charac-
teristics by comparing an analysis of the waveform
propagation characteristics to waveform propagation
characteristic reference values; and

automatically determine whether each wiring 1s bad or
good 1n waveform propagation, based on the error that
has been calculated.
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